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multilayered plastic container showing excel- 
lent oxygen barrier properties under thermal ster- 
ilization conditions and after thermal sterilization, be- 
ting able to keep the amount of oxygen in the con- 
tainer at an extremely low level and having a layer of 
J£a resin composition comprising a resin with gas 
03 barrier properties and a deoxidizer and. optionally a 
water absorbent, a combination of a layer of a ther- 
moplastic resin with gas barrier properties and a 
Q. layer of a resin composition comprising a hyg- 
UJroscopic thermoplastic resin and a deoxidizer, or a 
combination of a layer of a resin composition of 
comprising a resin with gas barrier properties and a 



deoxidizer and a layer of a resin composition com- 
prising a thermoplastic resin compounded with a 
water absorbent 
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The present invention relates to a m \- 
layer vessel <„ ~k- w Plastic multi- 

helt act IL Und6r C ° nditi °- ^ere water and 

neat act, that is, under heat sterii i,,*- 

petition of oxy9 ,„ is th "v' 1 "" 

3 oxvoen -in g * he a ™ount of 

oxygen in the vessel i. controls to . vecy ^ ^ 

Background ftxt 
Metal cans, glass bottles ana various ol.«t„ 
vessels have heretofore heen asea ss wT 
vessel, ana in view of «,„ I v! «»<*»si«g 
resistance ana hecause of the f " ei9ht ^ 
~ vessels are ^t-^~LT ' 

« o^gen^at-irr^h." ^ ^ ^ 

— i= -ro. hat in case of , ~ a s i ft essel "e^ 
amount of oxvoen n .rm.nr . vessel, the 

oxygen permeating into the vessel ^ 
vessel wall cannot be neglected and- « 9 ^ 

this permeation of oxygen W i t ! ^ by 

P—bility of the^Iut ^ * ^ 

m ethod\ o iir a ti v :iT s probiem ' there is 

wall of a pla Sti : ^ ^V^^ * *~ * " 
a 3 ainst permeation of ox ygen ^ ' 

aicohol copolymer, is or a T^^V"*™** 1 

this multi-layer structure. ^ ° f 

removi^ 0X79611 ^ been Used old for- 

removing oxygen f rom the interior of a vessel a 
example of appli cation of V6SSe1 ' and « 

vessel wall is disclosed i 9 ^avenger to a 

Publication No. 62 18 24 *»te»t 
62 1824, and according to this known 
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technique, a layer formed by incorporating an oxygen 
scavenger comprising a reducing agent as the main 
component into a resin having an oxygen permeability is 
laminated on a layer having an oxygen gas barrier 
5 property to form a packaging multi-layer structure. 

An oxygen barrier resin such as an ethylene/vinyl 
alcohol copolymer is sensitive to the moisture, and the 
oxygen permeability tends to increase with adsorption of 
the moisture. As means for obviating this disadvantage, 
0 Japanese Unexamined Patent Publication No. 57-17074 8 
discloses a method in which a resin layer in which a 
moisture-absorbing agent is incorporated is disposed in 
proximity to an ethylene/vinyl alcohol copolymer layer 
in a multi- layer plastic vessel, and Japanese Unexamined 
5 Patent Publication No. 61-11339 discloses a method to 
which a layer of a dispersion of highly water-absorbing 
resin particles in a thermoplastic resin medium is 
interposed between such gas barrier layer and moisture- 
resistant resin layer. 

According to these prior techniques, the oxygen 
scavenger present in the vessel wall absorbs oxygen in 
the vessel to maintain a highly oxygen-free state in the 
vessel. However, when a plastic vessel which does not 
possess a completely oxygen-intercepting property as 
possessed by a metal foil or the like is placed under 
conditions in which water and heat simultaneously act, 
that is, under heat sterilization conditions, oxygen 
permeating through the vessel wall cannot be controlled 
to a low level. 

In general, an oxygen barrier resin such as an 
ethylene/vinyl alcohol copolymer has a moisture- 
absorbing property and has such a property that the 
oxygen permeation coefficient increases with absorption 
of the moisture. Accordingly, there is ordinarily 
adopted a multi-layer structure in which inner and outer 
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layers composed of a moisture-resisted „ • 
Olefin resin ere aisposea o„ .oTlTsS.ZZ^" " 
inters.eoi.te leyer composed of en oxl„ b " 
Under the shove-m.„ti„„ea oo.UtlZ Zr "T "'^ 
5 —"—I* est. Pe„eetio„ „f „: er h °r h 

olefin resin leyer is ceusea. Md by iZZlTT 
oxygen gas permeability in fh» "crease of the 

^ by a bsorPti on - : ::;ziz:tt resin 

the oxygen permeability by elevation , ^ ° f 

- it i S considered that i h /^ :~ rir: erature ' 

-creases. According to another ™ - ^e vessel 

absorbing and water-absorbing agent Is Z 'o m ° 1StUre " 
l^er of a resin having a 9 *\ ^^rporated in a 

as an ethylene/vinyl ^tS^'LT'' ^ 
» resin containing this moisture-absoTbT^ , °' 9 

absorbing agent is arranged in pr OX ImIt T 
absorbing resin layer. Lording to this I 
there can be attained an effect f f ° , tec ^e, 
2q of th pe.e.oiiity^™ 1 ^ 1 ™ 

no substantial controlling effect is „ 
increase of the De m, Ba v attained to the 

cne permeation quantity of 
^ -et sterilities hy elevens *" 

D isclosur e_o^thg_lnvgnti^ 

mestiosea Prohlems invoke" in " ° b °™- 
*> -Iti-leyer vessels sre soLa 2 Pl " tiC 
oxyssn through the vessel IT, «™«tio„ of 

- level unaer coeaitlonsXr. 8 . rTL" ' ~* 

'= in th, vesssl is reaucea qUi " ,ti ' :y ° f 
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In accordance with a first embodiment of the 
present invention, there is provided a plastic multi- 
layer vessel having a laminate structure comprising an 
intermediate layer composed of a resin composition 
formed by incorporating an oxygen scavenger into a gas 
barrier thermoplastic resin having an oxygen permeation 
coefficient smaller than 10~ 12 cc. cm/cm 2 . sec.cmHg as 
measured at a temperature of 20°C and a relative 
humidity of 0% and a water absorption larger than 0.5% 
as measured at a temperature of 20 °C and a relative 
humidity of 100%, and moisture-resistant thermoplastic 
resin layers arranged on both the sides of said 
intermediate layer. 

In accordance with a second embodiment of the 
present invention, there is provided a plastic multi- 
layer vessel having a laminate layer structure 
comprising a first intermediate layer of a gas barrier 
thermoplastic resin having an oxygen permeation 
coefficient smaller than 10" 12 cc. cm/cm 2 . sec.cmHg as 
measured at a temperature of 20 °C and a relative 
humidity of 0%, a second intermediate layer composed of 
a resin composition formed by incorporating an oxygen 
scavenger into a moisture-absorbing thermoplastic resin 
having a water absorption larger than 0.5% as measured 
at a temperature of 20°C and a relative humidity of 
100%, and moisture-resistant thermoplastic resin layers 
arranged on both the sides of the intermediate layers. 

In accordance with a third embodiment of the 
present invention, there is provided a plastic multi- 
layer vessel which comprises a layer composed of a resin 
composition formed by incorporating an oxygen scavenger 
and a water-absorbing agent into a gas barrier resin 

having an oxygen permeation coefficient smaller than 
- 1 2 2 

10 ~ cc.cm/cm .sec.cmHg as measured at a temperature 
of 20 °C and a relative humidity of 0% and a water 
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absorption larger than 0.5% as measured at a tamo.™* 
of 20T anA = , ^ . ac a temperature 

ot 20 C and a relative humidity of 100* 

in accordance with a fourth embodiment of the 
Present invention, there is provided a plastic multi 
5 layer vessel comprising (AJ a layer of \ ^ 

12TT s \ f0rmed ^ - oxygen scavenger 

coeffLLnt lT rSSin ^n" 9 " Nation 
coefficient smaller than 10 -12 C c rm/™ 2 

' *»KUt y „ f o» ana , „ ater absotptio „ 

It is preferred that the oxygen scavenger be 
incorporated in an amount of 1 to 1000* h • 
^ the resin in which the ^ *~ 

incorporated and the water-absorbing agent be 
incorporated in an amount of 1 to 300% by weiaht h „ 

Brief Description of the Drawings 

examoLT'/.r" 119 " * 3376 S6Cti ° nal Views sh -"S 
examples of the multi-layer structure of the vessel of 
the present invention. vessel of 

In the multi-layer vessels accordinTtTThl r . + 
and second embodiments of the present inven ion a g" 
barrier resin is used as the intermediate layer'and 
moisture-resistant resin layers *™ 

sides of the intermediate l ^ °" b0th the 

ne intermediate layer, as in case of the 

conventional multi-layer vessels 

in the multi-layer vessels according to the third 
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and fourth embodiments of the present invention, an 
oxygen scavenger is incorporated in combination with a 
water-absorbing agent into a moisture-absorbing gas 
barrier resin, or a layer of a gas barrier resin in 
which an oxygen scavenger is incorporated is combined 
with a water-absorbing agent-incorporated resin layer. 

An oxygen scavenger generally has a reducing 
property, and the oxygen scavenger catches oxygen while 
the oxygen scavenger per se is oxidized with oxygen. 
The presence of water is indispensable for this 
oxidation, that is, for catching oxygen. In the present 
invention, the highly moisture-absorbing property 
generally possessed by an oxygen barrier resin is 
skillfully utilized, and water caught in this oxygen 
barrier resin by absorption of the moisture is 
effectively utilized for promoting the oxidation of the 
oxygen scavenger. 

In this case, as shown in the third and fourth 
embodiments of the present invention, if a water- 
absorbing agent is made present in the oxygen barrier 
resin or in the vicinity of the oxygen barrier resin 
layer as well as the oxygen scavenger, permeation of 
oxygen can be substantially completely intercepted under 
heat sterilization conditions. 

In the plastic multi-layer vessel of the present" 
invention, it is the gas barrier resin layer that is 
useful for preventing the permeation of oxygen, that is, 
for intercepting oxygen, in the normal state. Under 
conditions where water and heat simultaneously act, such 
as heat sterilization conditions, the oxygen scavenger 
present in the gas barrier resin acts effectively for 
intercepting oxygen. Thus, the function is 
appropriately allotted according to the state where the 
vessel is placed. Namely, as pointed out hereinbefore, 
under conditions where water and heat simultaneously 
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act permeatxon of wat er through the moisture-resistant 
resxn layer beco.es conspicuous, and the inherit 
barrier property of the gas barrier resin LT OXy96n 
absorption of the moisture or elevat^ Z the * 

at the \ P6rm 6ati0n ° f ° Xy9en is controlled even 

10 h !• Sterili -tion. Formation of a water- 

10 absorbing agent-containing resin is effective for 

rncre.se of the permeation ,u,„tity of „ y „ oy 
elevetton of the temperature during the JL,. ... 
on the other hand. i„ the case „heL tt o^ ' °"' 
scavenger is incorporated in the ga, harrier 
thermopiestic resin, a prominent effect of contrciiing 
the rncreese of the permeation quantity of oxygen h v 
elevation of the temperature Serine th . 
attained and the perfection o o^ulTth "°" *" 

£ -ater-ahsorhing ag'ent ^T^ZZTZr 

30 resinM 1 ;: i V* ° bde0t ° £ ~ 0 * « 

ream rt ia mdrspensehle that the gaa harrier resin 

used rn the present invention should have an oxygen 

pension coefficient smaller then 10" 12 

35 "•™ /C Y 8eC - CmH9 - emeiler than 5 x io"" 

occm/cm .sec.cmHg. as measured at a tamper.ture of 20 -c 
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and a relative humidity of 0%. Furthermore, this gas 
barrier resin should have a water absorption larger than 
0.5%, especially larger than 1.0% , as measured at a 
temperature of 20 °C and a relative humidity of 100%. If 
the water absorption is too small and below the above- 
mentioned range, the oxygen-catching property of the 
oxygen scavenger tends to decrease. 

In the layer of the oxygen scavenger-incorporated 
gas barrier resin composition used in the present 
invention, when the water content in this layer is high 
or the temperature is high, oxygen is effectively 
intercepted by the oxygen scavenger, and when the water 
content or the temperature is low, the oxygen- 
intercepting action of the gas barrier resin is exerted. 

In the plastic multi-layer vessels according to the 
first and second embodiments of the present invention, 
at least two intermediate layers can be used. 

According to the second embodiment of the present 
invention, a plurality of function-separated layers are 
used as the intermediate layer. Namely, one 
intermediate resin layer is composed of a gas barrier 
resin having the above-mentioned oxygen permeation 
coefficient and the other intermediate layer is composed 
of a moisture-absorbing resin having the above-mentioned 
water absorption, and the oxygen scavenger is 
incorporated in the latter intermediate layer. 

In this case, a plurality of oxygen barrier resin 
layers are formed and the oxygen scavenger is 
incorporated in one layer and of course, the oxygen 
scavenger-free oxygen barrier resin layer is formed as 
the other oxygen barrier resin layer. 

In the case where not only the oxygen scavenger but 
also the water-absorbing agent is incorporated, in view 
of the simplicity of the layer structure, it is 
preferred that both of the oxygen scavenger and the 
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water-absorbing agent be incorporated in the gas barrier 
resxn as in the third embodiment, but in order to 
control the quantity of oxygen in the vessel to a lowest 
level at the heat sterili za tion and throughout the 
• subsequent stage, it is preferred that the oxygen 

scavenger be incorporated in to the moisture-absorbing 
gas barrxer resin layer and the water-absorbing agent- 

as r t ° h r :T r ;r iayer be *— ll , 

as xn the fourth embodiment. 

multi^' 6 "" 9 ^ F±9 ' 1 illuStrat - 3 - example of the 
first eT d rStrUCtUre ° f ^ V6SSel aCC °^ ^0 the 
wall \ ToT ° f PreSSnt inVenti0 "' this —el 
barrier " ° Xy9Sn —^-incorporated gas 

barrxer resxn intermediate layer 2 and moisture- 

ZtlT ^ ° Ut6r layerS 4 and 5 -"-ng- on 
both the sides of the intermediate layer 2 i+ 

through adhesive layers 3a and 3b. ' 

mul ti R r erring t0 Fi9 * 2 Ulust «ting an example of the 
multx-layer structure of the vessel according to the 
sec e^diment of the present invention, this vtsel 
wall i comprxses a combination intermediate layer 
-eluding an oxygen scavenger-free gas barrier resin 

absorb " ° Xy96n barrier - inc °-Porated moisture- 

absorbxng resin layer 2b. if necessary t an 

adhesxve layer 3b, and moisture-resistant resin inner 
and outer la yers 4 and 5 arranged on both the 
this combxnation intermediate layer, if necessary 
through adhesive layers 3a and 3c. 

Referring to Fig. 3 illustrating an example of the 

Ltd 1 Tl. StrUCtUre ° f VGSSel — ing to the 
third embodxment of the present invention, this vessel 
wall 1 comprises an oxygen scavenger- and water- 
absorbing agent-incorporated gas barrier resin 
intermediate layer 2c and moisture-resistant resin inner 
and outer layers 4 and 5 arranged on both the sides o 
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the intermediate layer 2c , if necessary through adhesive 
layer 3a and 3b. 

Referring to Fig. 4 illustrating an example of the 
multi-layer structure of the vessel according to the 
fourth embodiment of the present invention, this vessel 
wall 1 comprises a composite intermediate layer 
including an oxygen scavenger-incorporated gas barrier 
resin layer 2d and water-absorbing agent-incorporated 
thermoplastic resin layers* 2e and 2f arranged on both 
the sides of the layer 2d, if necessary through adhesive 
layers 3c and 3d, and moisture-resistant resin inner and 
outer layers 4 and 5 arranged on both the sides of the 
composite intermediate layer, if necessary through 
adhesive layers 3a and 3b. A water- absorbing agent- 
incorporated thermoplastic resin layer 2e may be 
arranged only on one side, as shown in Fig. 5. In this 
case, it is preferred that the oxygen scavenger- 
incorporated resin layer 2d be located on a more inner 
side of the vessel than the water-adsorbing agent- 
incorporated resin layer 2e. Adhesive layers 3a, 3b and 
3c are formed according to need. 
Oxygen Scavenger 

All of oxygen scavengers customarily used in this 
field can be used as the oxygen scavenger in the present 
invention. In general, an oxygen scavenger having a 
reducing property and being substantially insoluble in 
water is preferably used. For example, an oxygen 
scavenger comprising as the main component at least one 
member selected from the group consisting of metal 
powders having a reducing property, such as reducing 
iron powder, reducing zinc powder and reducing tin 
powder, low-valence metal oxides such as ferrous oxide 
and triiron tetroxide, and reducing metal compounds such 
as iron carbide, iron silicide, iron carbonyl and iron 
hydroxide. The oxygen scavenger can be used in 
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combination with an assis^nf ~ v 
cerhonate. sulfite. ^ « " • 

alfcali me t,l or sideline " « "»^« of an 

5 active al, m („ metal, or active carbon 

^rtheT " 3CtiVated a ° COrdi ^ to — - 

Furthermore, a high-molecular-weioht- 

»aving a polyhydric phenol in the s^fl ^ 
Polyhydric phenol-containing p^L^^^T 9 
be used as the oxygen scavenger in ' 
0 preferred that the oxvoen general, it is 

Y9 scavenger should have an 
average particle size smaller than 100 , 
smaller than 50 jam. °° es P e ^all y 

Water- Ab a nT-h< T<7 

A deliquescent inorganic salt * , . 
organic compound or . ^ * '"Ascent 

used ss the »at«. ab50 r bi T.lTt iS 
4 «"«« substance, there c^ "b. T**" ° f 
salts such ,s sodiun, color T """'"ned inorganic 

ohloride. a^si^Thl^e I JOT"" «" 
sulfate, s.^esiu™ suj« ' —1- 

n. nitrate, end orgsnic compounds such »« „> 
fructose, sucrose, oelstio. ^fied ossein ^T**' 
starch snd tragsc.nth „. By the t^ lZ 

=s :r;:: ;:.r\:° — - — " a " 

absorbing resin ha s a ^ Wat ~" 

contribuLn 63 ;: ^JL^LT T" ' 
P-perty and having a network " 

or a gelatinous structure, which rend ers the 
water-insoluble. renders the resin 

As the highly water-absorbinq resin «-». 
Known grafted derivatives of the starch h 

cne starch and cellulose 
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type such as acrylic acid ( salt ) -grafted starch, 
acrylonitrile-grafted and hydrolyzed starch and acrylic 
acid (salt ) -grafted cellulose, crosslinked polyacrylic 
acid (salt), especially a copolymer of acrylic acid 
(salt) with a polyfunctional monomer such as 
divinylbenzene optionally with a hydrophobic monomer 
such as styrene or an acrylic ester, a vinyl 
alcohol/acrylic acid (salt) block copolymer formed by 
saponifying a vinyl acetate/acrylic acid ester 
copolymer, and modified polyvinyl alcohol formed by 
reacting polyvinyl alcohol with an acid anhydride such 
as maleic anhydride or phthalic anhydride to introduce a 
carboxyl group and a crosslinked structure in the side 
chain. In these resins, the starch, cellulose or 
polyvinyl alcohol component exerts a function of 
insolubilizing the polyacrylic acid component and 
maintaining a gelatinous state. Furthermore, modified 
polye.thylene oxide exerting a water-absorbing property 
according to a mechanism different from that of the 
above-mentioned water-absorbing resins is known. All of 
the foregoing highly water-absorbing resins can be used, 
but crosslinked polyacrylic acid (salt) is especially 
preferably used. This resin is marketed under the 
tradename of "Aquakeep 4S n or "Aquakeep 10SH" by 
Seitetsu Kagaku. As another suitable examples, there' 
can be mentioned a vinyl alcohol/acrylic acid (salt) 
block copolymer and modified polyethylene oxide, and 
they are marketed under the tradenames of "Sumika Gel S 
Type" and "Sumica Gel R Type" by Sumitomo Kagaku 

Still further, silica gel, alumina gel, silica- 
alumina gel and various zeolites can be used as the 
water-absorbing agent. 
Gas Barrier Resin 

A heat-moldable thermoplastic resin having the above- 
mentioned oxygen permeation coefficient and moisture- 
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absorbing property i s used as *-ho 

a. the gas barclar res . n _ > « preferable 

copolymer obtainea ° * «»«ple. , saponified 

— . e SP ec ially 25 to s „ to1 \t to e rr* ° f 20 <° 60 

the saponification degree i" ° " eXte " 1 

copolymer should have a fii„ , saponified 
» - it is eenerall, ^Z ZTT^" 

especlali, at least , 05 * - » 01 

Polysomes having 5 to 50 a^I TC ° tio ° ea 
=0 a„ide oroupa. per . to 

nylon 6.6, a avion 6 /6 6 , ' S " Ch as 
» ^P=»ide „vL?6 ' „' 

"so these Polyenes ihoIlTn, ; 7^ "? »■ 
molecular weight it ^ * forming 

v^sity C,re\r as ^ L P e r :^Trte that ^ 
and a concentration of 1 0 ° f ^ 

25 acid be at least 1 l es I f " COncent "ted sulf uric 
east i.i f especially at least 1 5 

30 helo. the ^J^™^ *~ ^ « 

of ory g e„ at the heat stsriUs!; • """" """^ 

than in the c as a where the . " ° £te " lar3er 

s=«ve„ 3 er is »ithiTth 9 ah ° W " 
=«ou„t or the o,",n a ab ° Ve -" e ""°^ If the 

33 the ahove- J t LTeT c ;r t t „e *~ ^ ~ ~ 

range, the permeation quantity of' 
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oxygen in the normal state is often larger than in the 
case where the amount of the oxygen scavenger is within 
the above-mentioned range. It is preferred that the 
water- absorbing agent used in the third and fourth 
embodiment of the present invention be incorporated at a 
concentration of 1 to 300% by weight, especially 5 to 
100% by weight, based on the gas barrier resin. If the 
content of the water-absorbing agent is too low and 
below the above-mentioned range, the gas barrier 
property during the storage after the heat sterilization 
is degraded as compared with the gas barrier property 
attained when the amount of the water-absorbing agent is 
within the above-mentioned range. If the amount of the 
water-absorbing agent is too large and exceeds the 
above-mentioned range, the permeation quantity of oxygen 
in the normal state is often larger than in the case 
where the amount of the water-absorbing agent is within 
the above-mentioned range. 

It is preferred that the thickness of the oxygen 
scavenger-incorporated gas barrier resin layer be 5 to 
200 jam, especially to 10 to 120 jjm, though the preferable 
thickness differs to some extent according to the allowable 
oxygen amount in the vessel. In the third and fourth 
embodiments, it is preferred that the thickness of the 
water-absorbing agent-incorporated thermoplastic resin 
layer be 5 to 200 jum, especially 10 to 120 jim, though 
the preferable thickness differs to some extent 
according to the permeation quantity of water vapor. 

In the case where the oxygen scavenger-free gas 
barrier resin intermediate layer and the oxygen 
scavenger-incorporated moisture-absorbing resin 
intermediate layer are used in combination (second 
embodiment), the oxygen scavenger-free gas barrier resin 
layer may be a layer of a moisture-absorbing gas barrier 
resin as mentioned above, or a lowly moisture-absorbing. 
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gas barrier resin such as a vinylidene chloride 
copolymer resin, a high-nitrile r esin or 7 \ 
polyester resin. 0 f course the V bMIler 
resin in which the oxyaen « m ° 1StUre - abs ~»«g 
- - a >nown resin III ^ ~ f *™« may 

a -isture-absorbing Js tl^^^*: ~ " 
above, other = S men tioned 

The of the „Jr ""a 1 *-" caa he used. 

-^-.o^v^ :i~ rr at ea in th * 

■nentioaed above with reapect to ! " 

» is preferred that the tot. th „*" r ' Si "" 

resie iavers he witMn L , ° f b ° th th * 
"age ead the thicCs? t ™' k ™* 

incorporated resia ^„ "J My9en Meager- 

resia laver he i„ th.T sc »™9ar-free 
aspeeteJ, ^ * ~ ' » »/» * „ M . 

In the present invention in th» „ 
oxygea sceveager is iacorpora ed ln th ! " th ° 

ahaorhlag g„ herrier resia l»f ,h 
ageot-iaoorporated resiTT "ater-ahsorelag 
the ahove ^1^^ " «T «. 

the„opiastic resia i/STr^T^ * - 
is iacorporated cea he gas barrl. 9 a9ent 

•hove, e -istore-resiaut rl r I^."""" 1 "" 4 
a hiend thereof, or other ther^ee" TresT T" " 
herrier reaia layer ia which the »ater eh ^ *" 
is iacorporated cea ha for .„ " ° tbi " 9 
"oistore-ahsorhiag gas'ha^ier^ V" " 
» .Ul he aaderstood that the Z er ahsoT < "" >Ve - 
he iacorporated into the ^J^S"" a * ent °" 
adhesive resin. resistant resin or 

The amount ot the water-absorbing agent 
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incorporated into the resin may be within the range 
mentioned above with respect to the gas barrier resin. 
It is generally preferred that the thickness ratio of 
the oxygen scavenger-incorporated resin layer to the 
water-absorbing agent-incorporated resin layer be within 
the range of from 5/95 to 95/5, especially from 25/75 to 
75/25. 

Moisture-Resistant Resin 

As the moisture-resistant resin (lowly water- 
absorbing resin), there is used a thermoplastic resin 
having a water absorption smaller than 0.5%, especially 
smaller than 0.01%, as measured according to ASTM D-570. 
As typical examples, there can be mentioned olefin 
resins such as low-density polyethylene, medium-density 
polyethylene, high-density polyethylene, isotactic 
polypropylene, an ethylene/propylene copolymer, 
polybutene-1, an ethylene/butene-1 copolymer, a 
propylene/butene-1 copolymer, an ethylene/propylene/ 
butene-1 copolymer, an ethylene/vinyl acetate copolymer, 
an ion-crosslinked olefin copolymer (ionomer) and blends 
thereof, styrene type resins such as polystyrene, a 
styrene/butadiene copolymer, a styrene/isoprene 
copolymer and an ABS resin, thermoplastic polyesters 
such as polyethylene terephthalate and polytetramethylene 
terephthalate, and polycarbonates. 

In the multi-layer structure of the present 
invention, it is preferred that the thickness of the 
moisture-resistant resin layer be 20 to 3000 jum, 
especially 100 to 1500 ^um, and be 0.1 to 600 times, 
especially 1 to 150 times, the thickness of the 
intermediate layer. The thickness of the inner layer 
may be equal to the thickness of the outer layer, or the 
thickness of one of the inner and outer layers may be 
larger than the thickness of the other layer. 
Adhesive Resin 
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It sometimes happens that sufficient ***** • 

™>rst„re-resista„t thermoplastic ^ f 
where a„ ethvieewiovi aicohoi ^ ^ 

derived from a carboxylic acirt w > 

' a carboxylic acid silt 1 k' Carb ° Xylic hydride. 

, ' carbox ylic acid amide or a 

carboxylic acid ester in the main chain or side chai , 
a concentration of 1 to 700 meg/100 g Qf 
especially 10 to 500 me g/10 0 g of the resin L"' 

These adh~ c °P°lyester and a copolyamide. 

These adhesive resins can be used singly or in th e f 
of a mixture of two or more of them tL «t 

is valuably laminated by co-extrlT. " 18510 

i = . ^. y -extrusion or sandwich 

lamination. For the adhesive lamination of 
preliminarily formed fil ras of the qa _ 

moisture-resign* 9 barrier resin and 

e resistant film, an isorvana^ *. 

Preparation Process ' 

! Pr °" SS e " oept °>" 'he above, 

meetroned specific iaver structure is forBed . 

the respective resie i.vers tT L™.^" 

rre~ h :r.~ a »~ - 

are or . crrculer die. Furthermore, melting 
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kneading is carried out in injection machines 
corresponding to the respective resin layers and co- 
injection or sequential injection into an injection mole 
is carried out to form a multi-layer vessel or a preform 
for a multi-layer vessel. Alternatively, there can be 
adopted a lamination process such as dry lamination, 
sandwich lamination or extrusion coating. The molded 
body can take a form of a film, a sheet, a bottle- or 
tube-forming parison or pipe, or a bottle- or tube- 
forming preform. Formation of a bottle from a parison, 
pipe or preform can be easily accomplished by pinching 
off the extrudate by a pair of split molds and blowing a 
fluid into interior of the molded body. Furthermore, a 
draw-blow- formed bottle can be obtained by a pipe or 
preform, heating the pipe or preform at a drawing 
temperature, drawing the pipe or preform in the axial 
direction and simultaneously, blow-drawing the pipe or 
parison in the circumferential direction by a fluid 
pressure. Moreover, a cup-shaped or tray-shaped 
packaging vessel can be obtained by subjecting a film or 
sheet to such a forming operation as vacuum forming, 
compressed air forming, stretch forming or plug assist 
forming. 

A multi-layer film can be formed into a bag-shaped 
vessel by piling or folding the multi-layer film in the 
form of a bag and heat-sealing the periphery. 

Effect of the Invention 

According to the present invention, by incorporat- 
ing an oxygen scavenger into a moisture-absorbing oxygen 
barrier resin intermediate layer sandwiched between 
moisture-resistant inner and outer layers or into a 
moisture-absorbing resin which is used as the 
intermediate layer in combination with an oxygen barrier 
resin, or by incorporating an oxygen scavenger and a 
water-absorbing agent into a moisture-absorbing gas 
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barrier resin layer or- h„ 4 

layer ,„ d arranoia,, . ° f h ° "* """" " si " 
, layer aajac J t ™~ » 9 .«-co Mai „ ino 

simultaneously act and ,„ • e " 

of i - = ox barrier 

heat sterili 2ation condit . ons for —Pie, under 

activated by heat and water , 7960 SCaven 9« 

" - -meate ^Z^^l * « 

Permeation of oxygen, and and P^vents the 

the exposure to such conditL„ 8 I ^ °* "~ * fter 
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cation degree of 99 6S5leJ . m ° le% and a saponifi- 

coefficient of 4 X lo" 14 2 ° Xy9en P e ™eation 

2 ° at a temperature of 20«C Z^'™ ' SeC ' Cm ^ as measured 
- a -ter absorption of 4 8 * aT^ ° f °* 

temperature of 20«c and a \ meaSUred at * 

•nixed with an i ron type oZltT^ ° f 10 ° % Was 

9 average particle ^ an 

" stirring vane t ype raixer ^^V"***" 

-t* was such that the con" ^ ^ ^ 
was 7% by weight. The mixture was InT" 8CaVen "~ 
Peptizer comprising an extudel h * * 

a diameter of 50 „ m . sJa d d L a^xV ^ ^ 
*° and a cutter, a Sllmma1 . . ' blow er cooling tank 

a symmetrxc three-rf»<s< n *j 
comprising the pelletized m - / five-l ayer sheet 

^cj-xerized mixture fEcn 

■ — a. MhydrUe - * - « r 
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melt index of 1.0 g/10 min as the adhesive layers was 
formed by a multi-layer sheet-forming machine comprising 
a 50 mm-diamter extruder for the inner and outer layers, 
a 32 mm-diameter extruder for the adhesive layers, a 32 
nun-diameter extruder for the intermediate layer, a feed 
block, a T-die, a cooling roll and a sheet takeup 
device. (In the multi-layer sheet,- the total thickness 
was 0.9 mm and the PP/ADH/EO/ADH/PP thickness ratio was 
12/1/2/1/12.) The obtained three-resin five-layer sheet 
was heated at about 190 °C and formed into a cup-shaped 
vessel having a height of 50 mm, an opening diameter of 
100 mm and an inner volume of 117 mJL by using a vacuum- 
forming machine. In a nitrogen atmosphere, the cup was 
filled with 2 nU of distilled water and heat-sealed with 
an aluminum foil/pp sealing material. The vessel was 
subjected to the sterilization at 120°C for 30 minutes 
and then stored at a temperature of 20 °C and a relative 
humidity of 60%. After the lapse of a predetermined 
period, the oxygen concentration in the vessel was 
measured by a gas chromatograph apparatus (GC). For 
comparison, forming, filling, sealing and heat 
sterilization were carried out in the same manner as 
described above except that the oxygen scavenger was not 
incorporated into the ethylene/vinyl alcohol copolymer. 
The measurement was carried out also with respect to the 
obtained comparative cup. The obtained results are 
shown in Table 1. It is seen that the oxygen scavenger- 
incorporated product of the present invention had a 
prominent effect and the permeation guantitiy of oxygen 
was smaller than 1/3 the permeation quantity of oxygen in 
the comparative product. 
Example 2 

Polypropylene (PP) having an oxygen permeation 
cofficient larger than 5 X 10"" 11 cc •cm/cm 2 , sec .cmHg as 
measured at a temperature of 20°C and a relative 
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5 average particle S L° J'!! «"•»«« having an 

content of the oxygen scavenger was 2 k 
"ixture was pelXetized by the""!" " eiS ""- The 
1. A symmetric thr.e-r..i„ « , * " Exa "f^ 

• the palletized oxygen IT. comprising 
the inner ,„d wr"""" 5 ™" 1 » «») « 

copoxy^r ,„ .^r^rSTT' 1 " COh01 
and a saponif ioatlon degree £ " T T " m ° le ' 
intermediate iayer and ST " the 

l»ver .as formed by the L\ - T " the 

-chine need i„ J£l ' T 

sheet, the totax thicxne a w a „ ,1°":'"" """^ 
«h/ppo tuicxness ratio ... Zl'wuT, "°" U ""' 
layer sheet „a s formed in a l ' 1 "' 1 ' 12 -' T "e mu lti _ 

- -nner as describU^ "7 ~~ * ~ 

veaae" aTf":: ^ " ~ - 

nitrogen atmosphere se.l„, " lstlU «d water in . 

««"l"«on. and aC ttT *° "» ta « 

«e amount of oxyge! I T^llll ll ' ™ 
Chromatograph apparatus pd tenured by a gas 

formed and used L the same m « ™P »«= 

— t that oxygen -C^T ".T^ ^ 
mner and outer layers Th. • f ° r the 

waa incorporated in pp. the J^"™" 

the effect attained i„ Example X "° Pr ° mi "-t 

Example 3 F A- 

A mixture of a oellPi- 

P6llet ° f a n ^n 6/nylon 6,10 
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copolymer (Novamid 2030 supplied by Mitsubishi Kasei) 

having an oxygen permeation coefficient of 6 X 10" 12 
2 

cc»cm/cm •sec-cmHg as measured at a temperature of 20 °C 
and a relative humidity of 0% and a water absorption of 
8.1% as measured at a temperature of 20 °C and relative 
humidity of 100% and a iron type oxygen scavenger having 
an average particle size of 40 jxm was pellerized in the 
same manner as described in Example 1, and by using pp 
ADH and the oxygen scavenger-incorporated nylon (NO), a 
symmetric three-resin five-layer sheet ( the total 
thickness was 0.9 mm and the PP/ADH/NO/ADH/PP thickness 
ratio was 12/1/2/1/12) was prepared in the same manner 
as described in Example 1. Then, in the same manner as 
described in Example 1, a cup-shaped vessel formed from 
the sheet was filled with 2 mJl of distilled water in a 
nitrogen atmosphere sealed and subjected to the heat 
sterilization, and at predetermined time intervals, the 
change of the oxygen concentration in the vessel was 
determined by GC. For comparison, the test was carried 
out in the same manner by using the oxygen scavenger- 
free nylon. The obtained results are shown in Table 1. 
It is seen that when the oxygen scavenger-incorporated 
nylon resin was used, a prominent effect was attained 
and the quantity of oxygen permeating through the vessel 
wall was reduced to about 1/3 of the permeation quantity 
in the comparative product. 
Example 4 

A mixture of a pellet of an ethylene/vinyl alcohol 
copolymer (having an ethylene content of 32 mole% and a 
saponification degree of 99.6 mole%) having an oxygen 
permeation coefficient of 4 X 10~ 14 cc»cm/cm 2 . sec-cmHg 
as measured at a temperature of 20 °C and a relative 
humidity of 0% and water absorption of 4.8% as measured 
at a temperature of 20 °C and a relative humidity of 100% 
and a phenol/aldehyde resin having a polyhydric phenol 
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in the skeleton, which was synthesized . 
manner, was pelletized in the samP ^ll ovwg 
in Example ! so that the ^iTl^V* 

ere shown i„ Tabl<! l _ * . The <*>fmeu results 

same manner as described above 

5 In the presence of en ecio cetelyst 1 . , . 

".thylhydro^inon. „. reaotea rt J ,!! I \ 
equeous solution of * 3 of e 37% 

«r»\,t.r stirred .T/ST" ~ »— *«• 

■ «- ^ove-^entloneVresln 9 ^ '° ^ ' " 

- of JetV~err::LT ~ to ab ° ui 

In the same manner as descrih^ < „ 

three-resin five-lav^ v eSCribed ln Example 1, a 

P fh i , f ^e-layer sheet comprising the 

ethylene/vinyl alcohol copolymer-iron ! 

scavenger mixture (EO) P eLtL ed ^ ° Xy96n 
-ample X as the interme^ T ^ ^ 
resistant polycarbonate resin (PC ^ °^ 
supplied by Tei jin Kasei, as the Inner " K " 13 °° 
and maleic anhydride-modiiied pp adh £ °T ^ 
the adhesive layers was formed into a ^ " 

—lied, sealed and sub^t ITLT ~* 
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sterilization. At predetermined time intervals, the 
oxygen concentration in the vessel was measured by GC. 
A cup prepared in the same manner by using oxygen 
scavenger-free PET was used as the comparative product. 
The obtained results are shown in Table 1. The product 
of the present invention had a prominent effect, as 
compared with the comparative product. 
Example 6 

In the same manner as described in Example 1, a 
four-resin seven-layer sheet was prepared by using the 
ethylene/ vinyl alcohol copolymer (E) used in Example 1 
as the first intermediate layer, a water-absorbing 
thermoplastic resin (Plawet supplied by Mitsubishi 
Kasei) containing 7% by weight of an iron type oxygen 
scavenger incorporated therein (WO) as second 
intermediate layer, pp having MI of 0.5 g/10 min (230*C) 
as the inner and outer layers and maleic anhydride - 
modified PP (ADH) as the adhesive layers, (in the 
obtained sheet, the total thickness was 0.9 mm and the 
PP/ADH/E/ADH/WO/ADH/PP thickness ratio was 12/1/1/1/1/1/ 
12.) Then, in the same manner as described in Example 
1, cup forming, filling, sealing and heat sterilization 
were carried out. At predetermined time intervals, the 
oxygen concentration in the vessel was measured, a 
vessel having the same structure, which was prepared 
without incorporation of the oxygen scavenger, was used 
as the comparative product. The product of the present 
invention showed a prominent effect over the comparative 
product . 
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Example 7 

A pellet of an ethylene/ vinyl alcohol copolymer 
having an oxygen permeation coefficient of 4 x 10' 14 cc 
cm/cm .sec-cmHg as measured at a temperature of 20*C and 
a relative humidity of 0% and a water absorption of 4.8% 
as measured at a temperature of 20'c and a relative 
humidity of 100% (having an ethylene content of 32 mole% 
and a saponification degree of 99.6 mole%) was mixed 
with an iron type oxygen scavenger having an average 
particle size of 4 0 jm and disodium hydrogenphosphate as 
the water-absorbing agent by a batchwise high-speed 
stirring vane mixer (Henschel mixer) so that the oxygen 
scavenger content was 30% by weight and the disodium 
hydrogenphosphate content was 20% by weight. The 
mixture was pelletized by a pelletizer comprising an 
extruder having a screw having a diameter of 50 mm, a 
strand die, a blower cooling tank and a cutter, a' 
symmetric three-resin five-layer sheet comprising an 
intermediate layer of the above-mentioned pelletized 
mixture (EOD) of the ethylene/vinyl alcohol copolymer 
with the oxygen scavenger and disodium 
hydrogenphosphate, inner and outer layers of 
polypropylene (PP) having a melt index (MI) of 0.5 g/10 
min (230»C) and adhesive layers of maleic anhydride- 
modified PP ( ADH ) having a melt index of 1.0 g/10 min 
(the total thickness was 0.9 mm and the PP/ADH/EOD/ADH/PP 
thickness ratio was 12/1/2/1/12) was formed by a multi- 
layer sheet-forming machine comprising a 50 mm-diameter 
extruder for the inner and outer layers, a 32 mm- 
diameter extruder for the adhesive layers, a 32 mm- 
diameter extruder for the intermediate layer, a feed 
block, a T-die, a cooling roll and a sheet take-up 
device. The obtained three-resin five-layer sheet was 
heated at about 190 'C and formed into a cup-shaped 
vessel having a height of 15 mm. an opening diameter of 



EP 0 3S7 835 A1 



100 mm and an inner volume of 117 m1 k 

machine m * ml by a vacuum forming 

cnxne. m a nitrogen atmosphere, the cup was fin- 
With 2 ml of distilled ^ hea 12 1U - 

aluminum foil/Pr sealing material and subbed to the 
5 heat sterilization at 120'c for 30 mln , 

sterilization, the cup was s to J a TT t T T~ ^ 
20-C and a relative humidity of L ° f 
of a predetermined period L l3PSe 
the vessel was rae asLe ^ a H£ 7°™°" * 
- C«, A cup prepared in Ihe ^etrrr^ 
forming, fii ling , seall and ste *?~ Ugh , 

incorporating the oxygen scavenger „ 
agent in the ethylene/vinyl alcohol was us el 
comparative product and *h» the 
« in the sa«e 1™^^,^^* "" ""^ °" 

p-auct. The obtainea ^ir*""^ 

the proauct of tne present i»™" 0 » ™ ^ ^ 
quanta of OXJ9ea ooula „ e co „^" ■«• 
^ = „rin s the heat 8teriu _- ^ - - t 

Example 8 

In the same manner as described in Examm- n 

permeation coefficient of 4 x io"" „„ . 2 
« a. meaeurea at a temperature of 20-^, ''°^ 
humiait, of 0, ana a „ater an S orPtio„ ^ " 

»e.s„rea at e temperature of 20 . c ana a rei. i" 
b-idxtr of loo, (havi „ 3 an . coatent at 0 7 32 
and a saponification degree of 99 « m ■, * 4 
30 pelletized with an iron ty'e oxyl *" m±Xed 

average particle size ,T & scav enger having an 

0.5 Jio'min 2 o-C w ^ l^"' " ^ " ° f 
with disodium ^ZXT^ ^ P6lletiZed 
described in Example 7 a f 83,1,6 m3nner as 
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bonding the oxygen scavenger-incorporated ethylene/ 
vinyl alcohol copolymer (EO) to the disodium 
hydrogenphosphate-incorporated PP (PDI) through maleic 
anhydride-modified PP (ADH) having MI of 1.0 g/10 min, 
inner and outer layers of PP having MI of 0.5 g/10 min 
(230°C) and ADH as the adhesive between the intermediate 
layer and inner layer (the total thickness was 0.9 mm 
and the PP/ADH/EO/ADH/PDI/PP thickness ratio was 
12/1/2/1/2/12) was formed. In the same manner as 
described in Example 7, the sheet was formed into a cup 
so that the EO layer was located on the more inner side 
than the PDI layer, and the cup was filled, sealed, 
heat-sterilized and stored. After the lapse of a 
predetermined period, the oxygen concentration in the 
vessel was measured by GC. A cup vessel having the same 
structure, was prepared as the comparative product 
without incorporating the oxygen scavenger and disodium 
hydrogenphosphate and the measurement was similarly 
carried out. The obtained results are shown in Table 2. 
The product of the present invention showed a prominent 
effect just after the heat sterilization and during the 
subsequent storage, as compared with the comparative 
product. 
Example 9 

A symmetric four-resin seven-layer sheet was 
prepared in the same manner as described in Example 7 by 
forming a composite intermediate layer of 
PDI/ADH/EO/ADH/PDI by using EO and PDI pelletized in the 
same manner as described in Example 8 and ADH as the 
adhesive layer and by using PP having MI of 0.5 g/10 min 
(230°C) as the inner and outer layers. (In the formed 
sheet, the total thickness was 1.0 mm and the 
PP/PDI/ADH/EO/ADH/PDI/PP thickness ratio was 
12/2/1/2/1/2/12.) Then, in the same manner as described 
in Example 7, the sheet was formed into a cup and the 
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cup was fined, sealed, heat-sterili 2e d an, , 
predetermined time intervals til At 
* - vessel was measure^ £ TZ^TT^ 
structure prepared without usina the 

;:rr e product - - — ™ shown in 

Example in 

In the same manner as descrih^ „ 
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Example II 
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as measured at a temperature of 20'c L "^'^ 
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or o% and a water absorption of ? i* 
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a ar a temperature of 20 »p 
humidity of inn* . d a re lative 

Cy ° f 100% was mixed and pelleti^ 
type oxyg en scavenger havina P6lleti2ed Wlth an iron 
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Then, PP having MI of 0.5 g/10 min (230«C) was mixed and 
pelletized with sodium dihydrogenphosphate. A four- 
resin six-layer sheet as described in Example 2 was 
prepared by using the oxygen scavenger-incorporated 
nylon 6/nylon 6,6 copolymer (NO), the sodium 
dihydrogenphosphate-incorporated PP (PD2), and PP for 
the inner and outer layers and adhesive ADH, described 
in Example 7 (the total thickness was 0.9 mm and the 
PP/ADH/NO/ADH/PD2/PP thickness ratio was 12/1/2/1/2/12). 
Then, the sheet was formed into a cup-shaped vessel, and 
the cup was filled, sealed, heat-sterilized and stored. 

At the cup-formed step, the operation was carried 
out so that the NO layer was located on the more inner 
side than the PD2 layer. At predetermined time 
intervals, the oxygen concentration in the vessel was 
measured by GC. The obtained results are shown in Table 
2. A cup of the same structure prepared without 
incorporating the oxygen scavenger and sodium 
dihydrogenphosphate was used as the comparative product. 
Example 12 

In the same manner as described in Example 7, a 
three-resin five-layer sheet was formed by using the 
mixture (EOD) of the ethylene/vinyl alcohol copolymer, 
iron type oxygen scavenger and water-absorbing agent, 
pelletized in the same manner as described in Example?, 
as the intermediate layer, a boiling water-resistant 
polycarbonate resin (Panelite K-1300 supplied by Teijin 
Kasei) as the inner and outer layers and a maleic 
anhydride-modified PP adhesive (Admer 5050 supplied by 
Mitsui Petrochemical) as the adhesive layers, the sheet 
was formed into a cup, and the cup was filled, sealed, 
heat-sterilized and stored. At predetermined time 
intervals, the oxygen concentration in the vessel was 
measured by GC. A cup of the same structure prepared 
without incorporating the oxygen scavenger and water- 
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CLAIMS 



A plastic multi-layer vessel • 
structure coprisinp „ ln JLZu lell ' ' 

c^ Mltlo „ £ormea by ln :: p r n ™ - . 

scavenger into e gas barrier ther^pUstic resint, 

«-»- Peroeotiou coetricient s M ler then T 0 -n 

. ;.utT T'"" 9 " "™ " * *— * ™ - " 0»c ano 

measured at a temperature of 20°r =t,h 
humiditv of ion* a ^ • ^ d a relative 

Ulty or 100* , and moisture-resist-an* 

^.rs arreted o„ hcth the slZ Tt ZTIT' 
layer. aid intermediate 

2. A multi-layer plastic vessel as set forth In , 
1. wherein the oxygen scavenger is present n 

to 1000% by weight based on the g S a ™ » « ^oun t of 1 
resin. earner thermoplastic 

3. A multi-layer plastic vessel as s „+ * ^ 

1. wherein the gas harrier thermoplastic resin" *" ^ 
of an ethylene/vinyl alcohol copolymer hav^o COmP ° Sed 
content of 20 to 60 mole%. 9 " eth *l^e 

4. A multi-layer plastic vessel as * *.v. 

1. wherein the aas t™- f ° rth ln clain > 

Tne gas barrier thermoplastic r «i n • 

Polyamide having 5 to 50 amide groups penoo k ' 

having a reducing propertv * ™ 3 metal 

*y piuperty, a compound of ?» 1710+ =>i w 

reducing property or a high-molecular weaght ~ 3 
a Polyhydric phenol in the skeleton thl e0f ^ 

olefin resin, a styrJe re n "j™"' -sin is an 
Polyester. ' 9 P^arbonate or a 

7- A plastic multi-layer vessel 
layer structure comprising a first in!* ' ' 

- harrier thermoplastic rlTZtlT ^ *" * 
Permeation coefficient «... TJ 9 an oxy 9 en 

efficient smaller than iq-12 c C . cm /cm2. sec . 
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cmHg as measured at a temperature of 20 °C and a relative 
humidity of 0%. a second intermediate layer composed of 
a resin composition formed by incorporating an oxygen 
scavenger into a moisture-absorbing thermoplastic resin 
having a water absorption larger than 0.5% as measured 
at a temperature of 20°C and a relative humidity of 
100%, and moisture-resistant thermoplastic resin layers 
arranged on both the sides of the intermediate layers. 

8. A multi-layer plastic vessel as set forth in 
claim 7, wherein the oxygen scavenger is present in an 
amount of 1 to 1000% by weight based on the moisture- 
absorbing thermoplastic resin. 

9. A multi-layer plastic vessel as set forth in 
claim 7 , wherein the gas barrier thermoplastic resin is 
composed of an ethylene/vinyl alcohol copolymer having 
an ethylene content of 20 to 60 mole%. 

10. A multi-layer plastic vessel as set forth in 
claim 7, wherein the gas barrier thermoplastic resin is 
a poly amide having 5 to 50 amide groups per 100 carbon 
atoms. 

11. A multi-layer plastic vessel as set forth in 
claim 7, wherein the oxygen scavenger is a powder of a 
metal having a reducing property, a compound of a metal 
having a reducing property or a high-molecular-weight 
compound having a polyhydric phenol in the skeleton 
thereof. 

12. A multi-layer plastic vessel as set forth in 
claim 7, wherein the moisture-resistant thermoplastic 
resin is an olefin resin, a styrene resin, a 
polycarbonate or a polyester. 

13. A plastic multi-layer vessel which comprises a 
layer composed of a resin composition formed by 
incorporating an oxygen scavenger and a water-absorbing 
agent into a gas barrier resin having an oxygen 
permeation coefficient smaller than 10" 12 cc •cm/ cm 2 , sec- 
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cmHg as measured at a temperature of 20«c a „, 

humidity of 0% and a „„«. w d 3 rela tive 

y or o% and a water absorption larger than n 
as measured at a temperature of 20'C an/ 
humidity of 100%. 3 relative 

14. a multi-layer vessel »^4. ^ 
Wherein the orygen ^^^^ — »■ 
It. 1000, b y ». ight based on t J «~ » -»* Of 
thermoplastic resin end the .ater-absorM. 
Present i„ an amount of 1 to 30o S h T ° ! * int " 
• ~ harrier thermoplastic resin * *— " ^ 

"herein 5 '^ ZTtllZZ " * — 

of . . 98 Darrie r thermoplastic resin is an 

ethylene/vinyl alcohol copolymer having a eth T 
content of 20 to 60 mole%. ethylene 

whereL"^ ZT T ~ * ^ »• 

Polyamide havi ng 5 to 50 am^e 165111 ^ 3 

atoms. . ^ 9r ° UpS per 10 ° carbon 

17. A multi-layer ves<?Pi »«. 
.herein the oxygen scaven" ls \ " 
having a reducing proper", a " " " ' "' et « 1 
e reducing property or , Lh T""" " 3 " et * 1 h » Vi "' 

where"".: IT.t? " ^ 

-er 9 e salt or a ^^J^ZZZ'" 

where 'a ^fT"?" 1 " f ° rlh " ^ ». 
arranged on both the sides of 21T " 
composition. ^ layer ° f Said 

20. A plastic multi-layer vessel ™™ • ■ 

leyer of a «si„ composition £ ormeThy 12 ' " 

oxygen scavenger into a gas harrier resin ~ tX " 9 a " 

oxygen p^ation coefficient M 

cm/em 2 , sec. cmHg as measured . ° C ' 

"teasured at a temperature of 20'c and 
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a relative humidity of 0% and a water absorption larger 
than 0.5% as measured at a temperature of 20°C and a 
relative humidity of 100% and (B) a layer of a resin 
composition formed by incorporating a water-absorbing 
agent into a thermoplastic resin. 

21. A multi-layer vessel as set forth in claim 20, 
wherein the oxygen scavenger is present in an amount of 
1 to 1000% by weight based on the gas barrier 
thermoplastic resin and the water-absorbing agent is 
present in an amount of 1 to 300% by weight based on the 
thermoplastic resin. 

22. A multi-layer vessel as set forth in claim 20, 
wherein the layer (B) of the resin composition is 
present on both the sides of the layer (A) of the resin 
composition. 

23. A multi-layer vessel as set forth in claim 20, 
which has a multi-layer structure in which the layer (A) 
of the resin composition and the layer (B) of the resin 
composition are sandwiched between inner and outer 
layers of a moisture-resistant thermoplastic resin. 

24. A multi-layer vessel as set forth in claim 20, 
wherein the gas barrier thermoplastic resin is an 
ethylene/ vinyl alcohol copolymer having an ethylene 
content of 20 to 60 mole%. 

25. A multi-layer vessel as set forth in claim 20, 
wherein the gas barrier thermoplastic resin is a polyamide 
having 5 to 50 amide groups per 100 carbon atoms. 

26. A multi-layer vessel as set forth in claim 20, 
wherein the oxygen scavenger is a powder of a metal 
having a reducing property, a compound of a metal having 
a reducing property or a high-molecular-weight compound 
having a polyhydric phenol in the skeleton thereof. 

27. A multi-layer vessel as set forth in claim 20, 
wherein the water-absorbing agent is a deliquescent 
inorganic salt or a highly water-absorbing resin. 
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FIG. 7 
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FIG. 3 
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